HIGH FREQUENCY TRANSMISSION LINE AND HIGH FREQUENCY BOARD 

[0001] 

BACKGROUND OF THE INVENTION 
The present invention is related to a high frequency 
5 transmission line. More specifically, the present invention is 
directed to a high frequency transmission line which is fabricated 
by combining different high frequency transmission lines with 
each other, and also directed to a high frequency board on which 
these different high frequency transmission lines, are wired. 
10 [0002] 

Conventionally, either microstrip lines or triplate lines 
are known as high frequency transmission lines for transmitting 
the high frequency signals. Generally speaking, as indicated 
in Fig. 14, a microstrip line is constituted by a dielectric 

15 substrate 2, a ground conductor (ground layer) 1, and a signal 
line (signal conductive line) 3. The ground conductor 1 has been 
formed on a lower plane (namely, lower layer) of this dielectric 
substrate 2. The signal line 3 has been formed on an upper plane 
(namely, upper layer) of this dielectric substrate 2. It should 

20 be noted that Fig. 14 shows a sectional view in the case that 
the microstrip line is viewed from a sectional plane perpendicular 
to the direction of the signal line 3. In the microstrip line 
shown in this example, dimensions and the like of the respective 
conductors have been set to the following values: For instance, 

25 a thickness of the dielectric substrate 2 is set to 320 pm; a 
width of the signal line 3 is set to 500 pm; and a characteristic 
impedance is set to 50 ohms . 
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[0003] 

Also, as indicated in Fig. 15, a triplate line is constituted 
by a dielectric substrate 2, ground conductors 1, and a signal 
line (signal conductive line) 4. The ground conductors 1 have 
been formed on both an upper plane and a lower plane (namely, 
both upper layer and lower layer) of this dielectric substrate 
2. The signal line 4 has been embedded in an inner layer of the 
dielectric substrate 2 in such a manner that this signal line 
4 is sandwiched by the upper and lower ground conductors 1 . It 
should be noted that Fig. 15 also shows a sectional view in the 
case that the triplate line is viewed from a sectional plane 
perpendicular to the direction of the signal line 4. In the 
triplate line shown in this example, dimensions and the like of 
the respective conductors have been set to the following values: 
For instance, a thickness of the dielectric substrate 2 is set 
to 320 |jm; a width of the signal line 4 is set to 115 pm; and 
a characteristic impedance is set to 50 ohms. 
[0004] 

The above-describedmicrostrip line, or the above-explained 
triplate line transmits high frequency signals having frequencies 
of e.g., 20 to 30 GHz along a direction of either the signal line 
3 or the signal line 4 by electromagnetically coupling the signal 
line 3 to the ground conductor 1 , or by electromagnetically coupling 
the signal line 4 to the ground conductors 1. 
[0005] 

On the other hand, in the case that a high frequency signal 
is transmitted by employing both a microstrip line and a triplate 



line, for example, in such a case that in a high frequency board, 
such a high frequency signal received by an antenna which has 
been formed on a front surface of the high frequency board is 
conducted to a high frequency circuit which has been formed inside 
the high frequency board, or on a rear surface thereof, as 
represented in Fig. 16, the signal line 3 of the microstrip line 
is simply connected to the signal line 4 of the triplate line 
by way of a via hole conductor 6. Then, the high frequency signal 
is transmitted through such a high frequency transmission . line 
which has been formed by connecting these signal lines 3 and 4 
to each other (note that Fig. 16 is sectional view in such case 
that area located in vicinity of connection portion between both 
signal lines 3 and 4 is viewed from sectional plane located parallel 
to signal line direction) . However, in such a connection 
structure, signal reflections occurred at the connection portion 
are increased with respect to the above-described high frequency 
signals, so that the high frequency signals can hardly pass through 
this connection portion. 
[0006] 

On the other hands, there is one public knowledge example 
(for example, refer to patent publication 1) which indicates a 
connection structure capable of reducing signal reflections which 
are produced in a connection portion between high frequency 
transmission lines having two same constructions . However, this 
known connection structure cannot be directly applied to a 
connection portion between two high frequency transmission lines 
having different structures from each other. 



[0007] 

Also, there are other public knowledge examples (for 
instance, refer to patent publications 2 and 3) capable of reducing 
signal reflections which are produced at a connection portion 
of high frequency transmission lines having different structures . 
However, any of methods disclosed in these public knowledge 
examples is realized based upon such an initial condition that 
the respective signal lines are present on the same plane. As 
previously explained, .these public, knowledge methods- cannot be. 
applied to such a case that the signal lines are arranged in 
different dielectric substrate layers. 
[0008] 

[Patent publication 1] 

Japanese Laid-open Patent Application No. 2000-114801 
[Patent publication 2] 

Japanese Laid-open Patent Application No. 2000-068715 
[Patent publication 3] 

Japanese Laid-open Patent Application No. Hei-9-321507 

[0009] 

As explained above, in such a structure that the microstrip 
line is simply connected to the triplate line by way of the via 
hole conductor 6, since there is a difference between the signal 
line widths of the transmission lines, a deviation of impedances 
is produced in the connection portion. This impedance deviation 
does not cause a serious problem in such a case that a frequency 
of a transmission signal is low. However, when a frequency of 
a transmission signal is high, this impedance deviation cannot 



be neglected. As a result, an impedance matching condition can 
be no longer established in the connection portion, and thus, 
reflections of transmission signals may occur, which may cause 
a signal passage characteristic to be deteriorated. 
[0010] 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
above-explained problems of the conventional techniques, and has 
...an object to provide a high frequency ...transmission line and a 
high frequency board using this high frequency transmission line . 
That is, in such a case that a high frequency line is constructed 
by connecting different high frequency transmission lines to each 
other, the high frequency transmission line is capable of reducing 
signal reflections occurred at a connection portion between these 
different high frequency transmission lines, and thus owns a 
superior signal passing characteristic. 
[0011] 

To achieve the above-described object, according to first 
aspect of the present invention, a high frequency transmission 
line includes: a first high frequency transmission line having 
a signal line, a width of an edge portion thereof being different 
from a width of another portion thereof; and a second high frequency 
transmission line different from the first high frequency 
transmission line, having a signal line which is connected to 
the edge portion of said signal line of the first high frequency 
transmission line . 
[0012] 



In accordance with the present invention, since the width 
of the edge portion of the signal line of the first high frequency 
transmission line is changed with respect to the width of another 
portion thereof, the deviation of the impedances in the connection 
5 portion of the first and second high frequency transmission lines 
can be suppressed. 
[0013] 

Preferably, the first and second high frequency 
transmission lines own. the signal lines in -different... layers, of 

10 a dielectric substrate respectively, the edge portion of the signal 
line of the first high frequency transmission line is arranged 
to overlap with the signal line of the second high frequency 
transmission line, and a connection conductor is provided to 
connect said edge portion of the first high frequency transmission 

15 line to the edge portion of the second high frequency transmission 
line. 
[0014] 

In accordance with the present invention, the width of the 
edge portion of the signal line of the first high frequency 

20 transmission line is changed, and this edge portion is connected 
to the signal line of the second high frequency transmission line 
via the connection conductor. As a result, the deviation of the 
impedances in the connection portion of the first and second high 
frequency transmission lines can be suppressed. 

25 [0015] 

Further, it is preferable that the edge portion of the second 
high frequency transmission line has a width which is different 
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from a width of another portion thereof. 
[0016] 

In accordance with the present invention, since the width 
of the edge portion of the signal line of the second high frequency 
transmission line is also changed with respect to the width of 
another portion thereof, the deviation of the impedances in the 
connection portion of the first and second high frequency 
transmission lines can be further suppressed. 
[0017] . 

Further, it is preferable that the high frequency 
transmission line is further comprised of a conductor for 
shortening a distance between a ground conductor and the signal 
line of the first high frequency transmission line. 
[0018] 

In accordance with the present invention, since the 
conductor for shortening the distance to the ground conductor 
is provided, the width of the signal line of the first high frequency 
transmission line is adjusted, and the deviation of the impedances 
in the connection portion can be further reduced. 
[0019] 

According to the second aspect of the present 
invention, a high frequency transmission line includes: a first 
high frequency transmission line having a signal line in a layer 
of a dielectric substrate; a second high frequency transmission 
line having a signal line in a different layer of a dielectric 
substrate; a third signal line which is provided in a layer between 
the first signal line of the first high frequency transmission 



line and the second signal line of the second high frequency 
transmission line, and which is formed in such a manner that one 
edge of the third signal line is overlapped with the first signal 
line and another edge thereof is overlapped with the second signal 
line of the second high frequency transmission line; a first 
connection conductor for connecting the first signal line to the 
one edge of the third signal line; and a second connection conductor 
for connecting the second signal line to the another edge of the 
third signal line. 
[0020] 

In accordance with the present invention, since the- third 
signal line is provided between the first signal line of the first 
high frequency transmission line and the second signal line of 
the second high frequency transmission line, the distance among 
the signal lines can be made short, the deviation of the impedances 
in the connection portions can be reduced. 
[0021] 

Further, it is preferable that an edge portion of the first 
signal line connected to the first connection conductor owns a 
line width different from a line width of another portion thereof. 
[0022] 

In accordance with the present invention, since the width 
of the edge portion of the first signal line of the first high 
frequency transmission line is further changed, the impedance 
can be adjusted in the two stages, so that the deviations of the 
impedances in the connection portion can be further reduced. 
[0023] 
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Also, it is preferable that an edge portion of the second 
signal line connected to the second connection conductor owns 
a line width different from a line width of another portion thereof . 
[0024] 

5 In accordance with the present invention, since the width 

of the edge portion of the signal line of the second high frequency 
transmission line is further changed, the impedance adjusting 
portion can be increased, so that the deviations of the impedances 

in the connection portion can be further . reduced. 

10 [0025] 

Further, it is preferable that a width of the third signal 
line is set between the first signal line and the second signal 
. line. 
[0026] 

15 In accordance with the present invention, in addition to 

inserting of the third signal line, the width of the third signal 
line is adjusted, so that the signal line width can be changed 
in a step manner, and the deviation of the impedances in the 
connection portion can be further lowered. 

20 [0027] 

Further, it is preferable that the third signal line is 
arranged in a step form in such a manner that one edge of the 
third signal line is overlapped with a line of an upper layer 
and another edge of the third signal line is overlapped with a 
25 line of a lower layer, and owns at least one, or more lines, the 
overlapped portions of which are connected to each other; a line 
width of a partial line within the lines is defined between a 
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width of the first signal line and a width of the second signal 
line; and the line width is changed in a step manner among the 
lines . 
[0028] 

In accordance with the present invention, since the third 
signal line is formed by at least one, or more lines which have 
been fabricated in a hierarchical manner, and the line width is 
changed in the step manner, the deviations of the impedances in 
the connection portions can be furthermore decreased, ... while it 
is possible to avoid that the signal line width in the connection 
portion is changed in short order. 
[0029] 

Moreover, it is preferable that a conductor for shortening 
a distance between the first signal line and a ground conductor 
is further provided. 
[0030] 

In accordance with the present invention, since the 
conductor for shortening the distance to the ground conductor 
is employed, the width of the signal line of the first high frequency 
transmission line is adjusted, so that the deviation of the 
impedances in the connection portion can be further reduced. 
[0031] 

Also, according to third aspect of the invention, a high 
frequency transmission line includes: a first high frequency 
transmission line having a signal line in a layer of a dielectric 
substrate; a second high frequency transmission line having a 
signal line in a different layer of a dielectric substrate, the 
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edge portion being overlapped with said signal line of said first 
high frequency line; a connection conductor for connecting said 
signal line of said first high frequency transmission line to 
said edge portion of said second high frequency transmission line; 
and a conductor for shortening a distance between said signal 
line of said first high frequency transmission line and a ground 
conductor . 
[0032] 

.... In accordance .with the. present invention,, since the 
conductor for shortening the distance to the ground conductor 
is employed, the width of the signal line of the first high frequency 
transmission line is adjusted, so that the deviation of the 
impedances in the connection portion can be further reduced. 
[0033] 

Further, according to forth aspect of the invention, 
a high frequency board for conducting a high frequency signal 
to a high frequency circuit via a high frequency transmission 
line which contains a first high frequency line and a second high 
frequency line different from said first high frequency line, 
wherein the high frequency transmission line includes: a first 
high frequency transmission line having a signal line, a width 
of an edge portion thereof being different from a width of another 
portion thereof; and a second high frequency transmission line 
different from said first high frequency transmission line, having 
a signal line which is connected to the edge portion of said signal 
line of the first high frequency transmission line. 
[0034] 
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In accordance with the present invention, since the width 
of the edge portion of the signal line of the first high frequency 
transmission line is changed with respect to the width of another 
portion thereof, the deviation of the impedances in the connection 
portion of the first and second high frequency transmission lines 
can be suppressed. 
[0035] 

Further, a signal line of the first high frequency 
transmission line,, a ..width of an edge portion, thereof .being 
different from a width of another portion thereof; a signal line 
of the second high frequency transmission line arranged in such 
a manner that an edge portion thereof is overlapped with the edge 
portion of the first high frequency transmission line; and . a 
connection conductor for connecting the edge portion of the first 
high frequency transmission line to the edge portion of the second 
high frequency transmission line. 
[0036] 

In accordance with the present invention, since the width 
of the edge portion of the signal line of the first high frequency 
transmission line is changed and this edge portion is connected 
to the signal line of the second high frequency transmission line 
through the connection conductor, the deviation of the impedances 
in the connection portion of the first and second high frequency 
transmission lines can be suppressed. 
[0037] 

Further, in accordance with fifth aspect of the 
invention, a high frequency board which conducts a high frequency 
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signal to ahigh frequency circuit via a high frequency transmission 
line containing signal lines in different layers of a dielectric 
substrate, wherein the high frequency transmission line includes : 
a first high frequency transmission line having a signal line 
in a layer of a dielectric substrate; a second high frequency 
transmission line having a signal line in a different layer of 
a dielectric substrate; a third signal line which is provided 
in a layer between said first signal line of said first high 
frequency transmission line and said second signal : line .of said, 
second high frequency transmission line, and which is formed in 
such a manner that one edge of said third signal line is overlapped 
with said first signal line and another edge thereof is overlapped 
with said second signal, line of said second high frequency 
transmission line; a first connection conductor for connecting 
said first signal line to said one edge of said third signal line; 
and a second connection conductor for connecting said second signal 
line to said another edge of said third signal line. 
[0038] 

In accordance with the present invention, since the third 
signal line is provided between the first signal line of the first 
high frequency transmission line and the second signal line of 
the second high frequency transmission line, the distance among 
the signal lines can be made short, so that the deviation of the 
impedances in the connection portions can be reduced. 
[0039] 

Also, according to sixth aspect of the invention, 
a high frequency board which conducts a high frequency signal 
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to a high frequency circuit via a high frequency transmission 
line containing signal lines in different layers of a dielectric 
substrate, wherein the high frequency transmission line includes : 
a first high frequency transmission line having a signal line 
in a layer of a dielectric substrate; a second high frequency 
transmission line having a signal line in a different layer of 
a dielectric substrate, the edge portion being overlapped with 
said signal line of said first high frequency line; a connection 
.conductor for connecting said signal line., of said first -high 
frequency transmission line to said edge portion of said second 
high frequency transmission line; and a conductor for shortening 
a distance between said signal line of said first high frequency 
transmission line and a ground conductor. 
[0040] 

In accordance with the present invention, since the 
conductor for shortening the distance to the ground conductor 
is employed, the width of the signal line of the first high frequency 
transmission line is adjusted, so that the deviation of the 
impedances in the connection portion can be further reduced. 
[0041] 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1A and IB are a sectional view and a plan view, which 
show a construction of a high frequency transmission line according 
to a first embodiment of the present invention. 

"Fig. 2 is a sectional view for indicating a structure of 
a high frequency transmission line according to a second embodiment 
of the present invention. 
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Fig. 3 is a sectional view for representing a structural 
of a high frequency transmission line according to a third 
embodiment of the present invention. 

Figs. 4A to 4C are plan views for indicating an upper plane 
of a signal line located in the vicinity of a connection portion 
of the microstrip line and the triplate line, which are indicated 
in Fig. 3. 

Fig. 5 is a characteristic diagram for representing a VSWR 
characteristic of the.structure of the high frequency transmission 
line shown in Fig. 3. 

Fig. 6 is a sectional view for indicating a modification 
of the high frequency transmission line according to the third 
embodiment of the present invention. 

Fig. 7 is a sectional view for representing a structural 
of a high frequency transmission line according to a fourth 
embodiment of the present invention. 

Fig. 8 is a sectional view for indicating a structure of 
a high frequency transmission line according to a fifth embodiment 
of the present invention. 

Fig . 9 is a sectional view for representing a high frequency 
transmission line according to another embodiment of the present 
invention . 

Fig. 10 is a sectional view for indicating a high frequency 
transmission line according to another embodiment of the present 
invention . 

Fig . 11 is a sectional view for representing a high frequency 
transmission line according to another embodiment of the present 
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invention. 

Fig. 12 is a sectional view for indicating a high frequency 
transmission line according to another embodiment of the present 
invention . 

5 Fig. 13 is a sectional view for representing a high frequency 

transmission line according to another embodiment of the present 
invention . 

Fig. 14 is a sectional view for showing the structure of 
..the conventional microstrip line. 

10 Fig. 15 is a sectional view for indicating the structure 

of the conventional triplate line. 

Fig. 16 is a sectional view for representing the connection 

structure of the conventional microstrip line and the conventional 

triplate line. 
15 [0042] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(EMBODIMENT MODE 1) 

Next, a description is made of embodiment modes according 
to the present invention based upon drawings . Fig. 1 is a sectional 
20 view and a plane view, which represent a connection structure 
of a high frequency transmission line according to a first 
embodiment mode of the present invention. It should be noted 
that the same reference numerals shown in the prior art will be 
employed as those for indicating the same, or similar structural 
25 elements of Fig. 1. 

As indicated in Fig. 1(a), in the high frequency transmission 
line according to this embodiment, while a dielectric substrate 



2 is commonly used by a microstrip signal line (MSL) and a triplate 
signal line (TSL) , a ground conductor 1 which is commonly used 
by both the microstrip line and the triplate line has been formed 
on a lower plane (namely, lower layer) of this dielectric substrate 
2. On the other hand, a signal line 3 of the microstrip line 
has been formed on an upper plane (namely, upper layer) of the 
dielectric substrate 2, and furthermore, a ground conductor 5 
which constitutes the triplate line has been formed with having 
a predetermined interval with respect to this, signal line 3. 
[0043] 

Also, a signal line 4 of the triplate line is embedded in 
an inner portion (namely, inner layer) of the dielectric substrate 
2 in such a manner that this signal line 4 is sandwiched by the 
ground conductor 1 and the ground conductor 5. An edge portion 
of this signal line 4 of the triplate line is elongated along 
a direction of the microstrip line in both an area "A" and another 
area "B" in such a manner that the signal line 4 of the triplate 
line is overlapped with the signal line 3 of the microstrip line 
along a vertical direction. The signal line 3 of the microstrip 
line is connected to the signal line 4 of the triplate line at 
a substantially center of the area "A" by employing a via hole 
conductor 12, so that both the microstrip line and the triplate 
line are connected to each other. 
[0044] 

As previously explained, Fig. 1(b) is a plan view for showing 
an area located in the vicinity of a connection portion between 
the above-explained microstrip line and the above-explained 
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triplate line. A width of the edge portion of the signal line 
3 of the microstrip line is formed in such a manner that this 
width is made narrower than a width of another signal line 3 in 
the area "A." As previously explained, both the signal line 3 
5 of the microstrip line and the ground conductor 5 are arranged 
with having a predetermined interval between them in order that 
this signal line 3 is not shortcircuited with the ground conductor 
5 in the area M B." Although not shown in this drawing, in this 
example, the width of the. signal line 4 of the. triplate. .line ..is 

10 made constant at any portions thereof. It should be understood 
that such the width of the area "A" of the signal line 3 is greater 
than the width of the signal line 4. Also, in Fig. 1(b), the 
ground conductor 5 is elongated in such a manner that this ground 
conductor 5 surrounds the signal line 3 of the microstrip line, 

15 and then, this elongated ground conductor 11 is electrically 
conducted to the ground conductor 1 formed on the lower plane 
via a predetermined via hole. 
[0045] 

Generally speaking, both a characteristic impedance of a 
20 microstrip line and a characteristic impedance of a triplate line 
are changed in accordance with a width of the signal line 3 and 
a width of the signal line 4, respectively. As a consequence, 
at a place other than the area "A", the width of the signal line 

3 is set to a predetermined value in such a manner that the 
25 characteristic impedance of this microstrip line become, for 

example, 50 ohms. Also, similarly, the width of the signal line 

4 is set to a predetermined value in such a manner that the 
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characteristic impedance of this triplate line becomes, for 

example, 50 ohms, 

[0046] 

It shouldbe understood that when a characteristic impedance 
of a microstrip line and a characteristic impedance of a triplate 
line are designed to become 50 ohms respectively, normally, a 
width of a signal line of the microstrip line is made wider than 
a width of a signal line of the triplate line due to a structural 
difference. As a result,, also in the example . shown in Fig.... 1.,.. 
the width of the signal line 3 becomes wider than the width of 
the signal line 4. As previously explained, it should be noted 
that even when the width of the signal line 3 is made narrow in 
the area "A", this width r.elationshipbetween themmaybemaintained, 
and thus, such a relationship as to the width of the area "A" 
of the signal line 3 being greater than the width of the signal 
line 4 may be established.,. . 
[0047] 

As realized in the conventional method, in such a case that 
the signal line 3 is simply connected to the signal line 4 by 
using the via hole conductor 6, since the electromagnetic coupling 
phenomenon is newly produced among the signal line 3, the signal 
line 4, and the via hole conductor 6, the characteristic impedances 
thereof cannot be made of 50 ohms in the portion located near 
this connection portion under this condition, the reflectance 
of the signal is increased at this portion. 
[0048] 

To this end, in this first embodiment, as shown in Fig. 
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1 (b) , the width (area "A") of the edge portion of the signal line 
3 is made narrower than the width of another portion thereof. 
As a result, since the signal line width at the connection portion 
is changed in a step manner, a deviation of the impedances at 
this connection portion can be suppressed (namely, characteristic 
impedances at connection portion can be approximated to 50 ohms) . 
As a consequence, the signal reflections occurred in the connection 
portion between the signal line 3 and the signal line 4 can be 
reduced, and even in. such a case that the di.ffer.ent high frequency 
transmission lines are connected to each other, the passing 
characteristic of the signal can be improved. 
[0049] 

In accordance with this embodiment, since the width of the 
edge portion of the signal line 3 of the microstrip line is adjusted, 
the deviation of the characteristic impedances of the microstrip 
line and the triplate line at the connection portion can be 
decreased, and the impedances can be matched with each other. 
Thus, the signal reflectance can be reduced and the passing 
characteristic of the high frequency signal can be improved. 
[0050] 

(EMBODIMENT MODE 2) 

Fig. 2 is a sectional view for showing a connection structure 
of a high frequency transmission line according to a second 
embodiment mode of the present invention. It should be noted 
that the same reference numerals indicated in the first embodiment 
mode will be employed as those for representing the same, or similar 
structural elements of the second embodiment mode. 
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Similar to the first embodiment, in the high frequency 
transmission line of this second embodiment, a width of a signal 
line 3 of a microstrip line (MSL) is made narrow in an area "A." 
However, this high frequency transmission line owns such a 
5 different point that the signal line 3 of the microstrip line 
is connected to a signal line 4 of a triplate line (TSL) by employing 
three pieces of via hole conductors 12, as compared with that 
of the first embodiment. 
. . [0052] ... 

10 In accordance with this second embodiment, since these 

signal lines 3 and 4 are connected to each other by employing 
a plurality of the via hole conductors 12 in addition to the 
adjustment of the width of the signal line 3, a potential, 
fluctuation between the signal lines 3 and 4 at the portion near 

15 the connection portion can be suppressed, which corresponds to 
one of reasons, for conducting the deviation of the impedances. 
Therefore, reflectance of signals appeared in the connection 
portion is furthermore decreased, so that a signal passing 
characteristic can be improved. 

20 [0053] 

It should also be noted that although this second embodiment 
has been arranged by that the signal line 3 of the microstrip 
line is connected to the signal line 4 of the triplate line by 
employing three pieces of the via hole conductors 12, these signal 
25 lines 3 and 4 may be alternatively connected to each other by 
employing two pieces, or more than four pieces of the 
above-explained via hole conductors 12. In view of such a 



21 



technical aspect that a fluctuation of a potential is suppressed, 
it is preferable to connect these signal lines 3 and 4 to each 
other through a large number of via hole conductors as being 
permitted as possible. However, if a total number of via hole 
conductors is increased, then a resulting structure becomes 
complex. Therefore, it is preferable to determine the total 
number of these via hole conductors by considering also this 
technical aspect . 

. [0054] 

Also, in the above-described first embodiment and second 
embodiment, the width of the signal line 3 of the microstrip line 
has been changed. Instead of this example, even if the width 
of the edge portion- of the signal line 4 of the triplate line 
is widened in both the areas "A" and "B", then a similar effect 
may be achieved. 
[0055] .. . 

Also, in the above-described first embodiment and second 
embodiment, the width of the signal line 3 of the microstrip line 
has been changed. In addition to this example, the width of the 
edge portion of the signal line 4 of the triplate line may be 
widened in both the areas "A" and "B", as compared with the width 
of another portion thereof. As previously explained, since the 
widths of both the signal lines 3 and 4 are changed, the 
characteristic impedances thereof in the connection portions may 
be adjusted in a more precise manner. As a result, the deviation 
of the characteristic impedances in the connection portion can 
be furthermore reduced. Moreover, in this second embodiment, 
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since the widths of the signal lines can be adjusted at two places, 

a degree of freedom in design can be increased. 

[0056] 

(EMBODIMENT MODE 3) 

Fig. 3 is a sectional view for showing a connection structure 
of a high frequency transmission line according to a third 
embodiment mode of the present invention. It should be noted 
that the same reference numerals indicated in the first embodiment 
mode will be employed as those for representing the. same., orsimilar 
structural elements of the third embodiment mode. 

[0057] 

Similar to the first embodiment, a ground conductor 1 is 
formed on a lower plane (namely, lower layer) of a dielectric 
substrate 2, a signal line 3 of a microstrip line (MSL) and a 
ground conductor 5 of a triplate line (TSL) are formed on an upper 
plane (namely, upper layer) of the dielectric substrate 2. Also, 
a signal line 4 of a triplate line is embedded in an inner portion 
(namely, inner layer) of the dielectric substrate 2 in such a 
manner that this signal line 4 is sandwiched by the ground 
conductors 1 and 5. It should also be noted that an edge portion 
of the triplate line 4 is elongated along a direction of the 
microstrip line in an area "B." 
[0058] 

In the inner portion of the dielectric substrate 2, a signal 
line 7 is embedded in a layer between the signal line 3 of the 
microstrip line and the signal line 4 of the triplate line. This 
signal line 7 is formed in such a manner that one edge of this 



23 



signal line 7 is overlapped with the signal line 3 along a vertical 
direction (area "A") , and another edge thereof is overlapped with 
the signal line 4 along the vertical direction (area "B") . Then, 
this signal line 7 is connected to the signal line 3 by employing 
three pieces of via hole conductors 12 in the area "A", and is 
similarly connected to the signal line 4 by employing three pieces 
of via hole conductors 12 in the area "B." As explained above, 
in this third embodiment, the signal line 3 of the microstrip 
line is connected via. .the signal line 7 to the .signal- line. A „of. 
the triplate line. 
[0059] 

Fig. 4 is a plan view for indicating upper planes of the 
signal lines 3 and 4 of the microstrip line and the triplate .line 
at a portion located in the vicinity of a connection portion thereof, 
and an upper plane of the signal line 7 at this portion. Fig. 
4(a) represents, the signal line 3 of the microstrip . line at an 
area near the region "A", and in this region "A", a width of an 
edge portion of the signal line 3 is made narrower than that of 
another portion thereof. Fig. 4 (b) shows the signal line 7 which 
is arranged between the signal line 3 and the signal line 4, and 
is bridged over the area "A" and the area X> B" of the above-explained 
connection portion, and the width of this signal line 7 is made 
narrower than the width of the signal line 3 in the area "A. " 
Fig. 4(c) represents the signal line 4 of the triplate line at 
an area near the region "B" of the above-described connection 
portion, and a width of the signal line 4 is made constant. It 
should also be understood that as to a relationship between the 
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signal line 7 and the signal line 4, in this example, such a 
relationship of the width of the signal line 7 larger than the 
width of the signal line 4 is established. 
[0060] 

As previously explained, a characteristic impedance of a 
microstrip line and a characteristic impedance of a triplate line 
can be changed based upon a width of the signal line 3 and a width 
of the signal line 4 respectively. Therefore, in a place other 
than the area "A", the width of the signal . line 3 is set to a 
predetermined value in such a manner that the characteristic 
impedance of this microstrip line may become, for example, 50 
ohms. Also, similarly, the width of the signal line 4 is set 
to a predetermined value in such a manner that the characteristic 
impedance of this triplate line may become, for example, 50 ohms. 
[0061] 

However, as previously explained in the conventional manner 
as shown in Fig. 16, in such a structure that the signal line 
3 is simply connected to the signal line 4 by using the via hole 
conductor 6, since the electromagnetic coupling phenomenon is 
newly produced among the signal line 3, the signal line 4, and 
the via hole conductor 6, the characteristic impedances of this 
connection portion could not be made of 50 ohms, so that the 
reflection of the signals occurred. As a consequence, in this 
third embodiment, in addition to such a condition that the width 
of the edge portion of the signal line 3 is changed, the signal 
line 7 is further arranged between the signal line 3 and the signal 
line 4, and the signal line 3 of the microstrip line is connected 
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to the signal line 4 of the triplate line through the signal line 
7 . As a result, the deviation of the impedances in the connection 
portion can be suppressed, and the signal reflections can be 
suppressed. 
5 [0062] 

Concretely speaking, in this third embodiment case, the 
widths of the respective signal lines are set under the 
below-mentioned relationship in order that deviations of 
. .characteristic -Impedances of the respective. . sectional planes 

10 having different structures may be decreased as being permitted 
as possible. This relationship is defined by (the width of the 
signal line 3) > (the width of the signal line 3 in the area "A") 
> (the width of the signal line 7) > (the width of the signal 
line 4) . In other words, the width of the signal line is made 

15 in such a manner that this width is gradually approximated from 
the width of the signal line 3 of the microstrip line to the width 
of the signal line 4 of the triplate line. This third embodiment 
may avoid that the width of the signal line of the conventional 
method is changed from the signal line width of the microstrip 

20 line to the signal line width of the triplate line in short order. 
Also, since the signal line 7 is inserted between the signal line 
3 and the signal line 4, a distance between the signal lines may 
be shortened, as compared with that of the conventional method. 
As a result, fluctuations of potentials between the signal lines 

25 may be suppressed. Also, since the signal line 7 is inserted, 
a total number of connection points is increased, and thus, such 
points which cause the deviation of the impedances can be 
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distributed. With employment of such a structure, in this third 
embodiment case, while the deviation of the impedances in the 
connection portion may be suppressed, the characteristic 
impedance of this connection portion can be furthermore 
5 approximated to the characteristic impedance of the microstrip 
line and the characteristic impedance of the microstrip line. 
[0063] 

Since such a structure is employed, a VSWR of the line which 
contains the connection portion of the signal line 3. and the. sicjnal 

10 line 4 becomes smaller than, or equal to 1 . 1 within a frequency 
range from 20 GHz to 35 GHz, as represented in reference numeral 
(1) of Fig. 5, so that it can be understood that there is a very 
small reflection. However, in the prior art , as shown in reference 
numeral (2) of Fig. 5, the VSWR is large in the entire frequency 

15 range, so that it can be seen that there is a large reflection. 
[0064] , . 

In accordance with this third embodiment, the signal line 
7 is provided between the signal line 3 and the signal line 4, 
and also, while both the width of the edge portion (area "A") 

20 of the signal line 3 and the width of the signal line 7 are set 
to the proper widths, the signal line 3 is connected to the signal 
line 4 via the signal line 7. As a result, the deviation of the 
impedances in the connection portion can be reduced, so that the 
signal reflections can be decreased and the passing characteristic 

25 can be improved. In other words, since the adjustment is carried 
out in two stages, namely, the signal line 7 is inserted and both 
the widths of the signal lines 3 and 7 are changed, the deviation 
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of the impedances in the connection portion is distributed, and 
the deviation of the impedances can be reduced, and also, the 
signal reflections in the connection portion can be reduced. 
[0065] 

It should also be noted that in the above-described third 
embodiment, the widths of the respective lines have been set in 
such a manner that the width of the signal line 3 > the width 
of the signal line 3 in the area "A" > the width of the signal 
.line 7 > the. width .of the signal line.. 4 ... Even . when the width 
of the signal line 7 is made equal to the width of the signal 
line 4, it is possible to avoid that the line width is changed 
from the signal line 3 to the signal line 4 in short order, and 
also, the distance between the respective, lines can be shortened. 
As a result, at least, such an effect may be achieved by which 
the signal reflections can be reduced, as compared with that of 
the conventional method. Alternatively, while the width of the 
signal line 3 is not changed, the signal line 7 which may establish 
such a relationship of the signal line 3 > the signal line 7 > 
the signal line 4 may be simply inserted. Moreover, while the 
width of the signal line 3 is not changed, the signal line 7 is 
inserted even in such a relationship of the signal line 3 = the 
signal line 7 > the signal line 4, or even in such a relationship 
of the signal line 3 > the signal line 7 = the signal line 4. 
As a consequence, a distance between the signal lines may become 
short, as compared with the distance of the prior art. At least, 
such an effect may be achieved by which the signal reflections" 
can be reduced, as compared with that of the conventional method. 
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[0066] 

Also, in the above-described third embodiment, the width 
of the signal line 3 of the microstrip line in the area "A" has 
been changed with respect to the width of another portion thereof. 
Furthermore, the width of the signal line 4 of the triplate line 
in the area XX B" may be alternatively changed with respect to the 
width of another portion thereof . In this alternative case, since 
the portions whose line width can be adjusted become three portions, 
the characteristic impedance of the connection, portion. may.,be . 
more precisely adjusted and the degree of design freedom may be 
improved. Also, if the line widths of the signal line 7 may be 
changed at a portion thereof located opposite to the signal line 
3 and another portion thereof located opposite to the signal line 
4, then portions of this signal line 7, whose line widths may 
be adjusted, may be increased, so that the precision of the 
adjustment and the degree of design freedom. may be. improved. 
[0067] 

Also, in the above-described third embodiment, the signal 
line 3 is connected to the signal line 7 by employing the three 
via hole conductors 12, as well as the signal line 7 is connected 
to the signal line 4 by employing the three via hole conductors 
12. Alternatively, even when any one, or both the connection 
portions may be connected to each other by using one via hole 
conductor 12, signal reflectance at the connection portion of 
the microstrip line and the triplate line may be decreased, and 
the passing characteristic of the signal may be improved. 
[0068] 
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Moreover, a total number of via hole conductors 12 which 
are used to connect the signal line 3 with the signal line 7 and 
also to connect the signal line 7 with the signal line 4 respectively 
may be selected to be 2, or more than 4 . 
5 [0069] 

Also, in the above-explained embodiment, the signal line 

3 is connected to the signal line 4 by interposing one piece of 
the signal line 7. Alternatively, as represented in Fig. 6, two 

...pieces of signal lines . 7a . and 7B may be . interposed between. the. 

10 signal lines 3 and 4. In this alternative case, widths of the 
respective lines may be set to satisfy, for example, such a 
relationship of the signal line 3 > the signal line 7A > signal 
line 7B > the signal line 4 in order that deviation of characteristic 
impedances of connection portions having different structures 

15 is decreased as being permitted as possible. In addition to such 
a line relationship, as explained in the above-described 
embodiment, a width of an edge portion of the signal line 3 may 
be changed in an area "A", and a width of an edge portion of the 
signal line 4 may be changed in an area "C." Also, widths of 

20 the respective lines may have, for instance, such a line 

relationship of the signal line 3 = signal line 7A > the signal 
line 7B > the signal line 4, or such a line relationship of the 
signal line 3 > the signal line 7A > the signal line 7B = the 
signal line 4. Furthermore, two, or more pieces of signal lines 

25 7 may be inserted between the signal line 3 and the signal line 

4 . In summary, at least one, or more pieces of lines are inserted 
between the signal line 3 and the signal line 4 in such a manner 
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that these lines are arranged in a step manner by overlapping 
one edge thereof with a line of an upper layer and by overlapping 
the other edge thereof with a line of a lower layer, and furthermore, 
overlapping portions are connected to each other. While a width 
5 of at least a partial line among these lines is set to be such 
a width defined between the width of the signal line 3 and the 
width of the signal line 4, the widths of the signal lines are 
adjusted in such a manner that these line widths are changed in 

a step manner.... Since such a. line structure is employed, the 

10 deviations of the impedances in the connection portions are 
distributed and thus can be decreased, so that signal reflections 
occurred in the connection portions can be reduced. 
[0070] 

(EMBODIMENT MODE 4) 

15 Fig. 7 is a sectional view for showing a connection structure 

of a high frequency .transmission line according to.: a fourth 
embodiment mode of the present invention. It should be noted 
that the same reference numerals indicated in the first embodiment 
mode will be employed as those for representing the same, or similar 

20 structural elements of the fourth embodiment mode. 
[0071] 

The high frequency transmission line of this fourth 
embodiment owns such a structure that a signal line 3 of a microstrip 
line (MSL) is connected to a signal line 4 of a triplate line 
25 (TSL) by employing one piece of a via hole conductor 12. On the 
other hand, a conductor 9 is provided just under the signal line 
3 of the microstrip line at a position of the substantially same 
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layer with respect to the signal line 4, and furthermore, another 
conductor 10 is provided under this conductor 9 . These conductors 
9 and 10 are connected to a ground conductor 1 through a via hole 
conductor 13, while this ground conductor 1 has been formed on 
a lower plane of a dielectric substrate 2. 
[0072] 

The above-explained conductors 9 and 10 which are arranged 
just under the signal line 3 of the microstrip line may function 
as a ground conductor -with .respect to the signal . line 3, -and may . 
have such an effect capable of shortening a distance between the 
signal line 3 and the ground conductor. In this case, a 
characteristic impedance of the microstrip line is changed based 
upon a distance between the signal line 3 and the ground conductor , 
and as explained above, this distance is also changed based upon 
the width of the signal line 3. 
[0073] . 

In such a case that the characteristic impedance of the 
microstrip line is set to, for example, 50 ohms, as explained 
above, when the distance between the signal line 3 and the ground 
conductor becomes short, in order to maintain the characteristic 
impedance at 50 ohms, the width of the signal line 3 may be made 
narrow, which may be understood from a simulation, and the like. 
[0074] 

As a consequence, if the distance between the signal line 
3 of the microstrip line and the ground conductor is made short 
by way of the conductors 9 and 10 which are connected to the ground 
conductor 1, then the width of the signal line 3 becomes narrow. 
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Now, in such a case that the width of the signal line 3 of the 
microstrip line is made wider than the width of the signal line 
4 of the triplate line, as previously explained, if the width 
of the signal line 3 becomes narrow due to the effects of the 
5 conductors 9 and 10, then a difference between this width of the 
signal line 3 and the width of the signal line 4 can be reduced, 
which can avoid that the width of the conductor is changed in 
short order as explained in the prior art. As a result, signal 

reflections occurred in a connection portion of. the microstrip. 

10 line and the triplate line can be reduced. 
[0075] 

In accordance with this fourth embodiment, since the 
distance between the signal line 3 of the microstrip line and 
the ground conductor is made short by way of the conductors 9 

15 and 10 which are connected to the ground conductor 1, the width 
of the signal line 3 can be approximated to the width of the signal 
line 4 of the triplate line, so that the signal reflections occurred 
in the connection portion between the signal line 3 and the signal 
line 4 can be decreased, and the passing characteristic of the 

20 signal in the connection portion can be improved. 
[0076] 

It should also be noted that similar to the first embodiment, 
in accordance with this fourth embodiment, only the width of the 
signal line 3 of the microstrip line may be adjusted, or both 
25 the width of the signal line 3 and the width of the signal line 
4 of the triplate line may be adjusted. In this alternative case, 
since a plurality of parameters can be used, the characteristic 
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impedances of the connection portion may be adjusted in a higher 
precision manner than that of the first embodiment, or may be 
alternatively adjusted by more widely selecting dimensions. As 
a consequence, while the deviation of the impedances of this 
connection portion may be furthermore suppressed, the signal 
reflections thereof may be decreased. 
[0077] 

(EMBODIMENT- MODE 5) 

Fig. 8 is.a. sectional view for showing a connection-structure 
of a high frequency transmission line according to a fifth- 
embodiment mode of the present invention. It should be noted 
that the same reference numerals indicated in the third embodiment 
mode will be employed as those for representing the same, or similar 
structural elements of the fifth embodiment mode. 
[0078] 

The high frequency transmission line of this fifth 
embodiment is constituted as follows: That is, while a signal 
line 7 is embedded in a dielectric substrate 2 between a signal 
line 3 of a microstrip line (MSL) and a signal line 4 of a triplate 
line (TSL), the signal line 3 is connected to this signal line 
7 by employing three pieces of via hole conductors 6, and 
furthermore, this signal line 7 is connected to the signal line 
4 by using three pieces of via hole conductors 6. Also, a line 
width of the signal line 3 in an area "A" of a connection portion 
between the microstrip line and the triplate line becomes narrower, 
as compared with a line width of another portion thereof. There 
is such a relationship of the width of the signal line 3 in the 
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area "A" > the width of the signal line 7 > the width of the signal 
line 4. The high frequency transmission line owns a similar 
connection structure to that of the third embodiment. 
[0079] 

On the other hand, similar to the fourth embodiment, 
conductors 9 and 10 are provided just under the signal line 3 
of the microstrip line. These conductors 9 and 10 are connected 
to a ground conductor 1 by employing a via hole conductor 13. 
It should also.be understood that in this, example., .the., conductor. 
10 is elongated to a portion just under the signal line 7, and 
is extended up to the area "A. " : • 

[0080] 

Both the conductors 9 and 10 which are arranged just under 
the signal line 3 of the microstrip line and the signal line 7 
may shorten both a distance between the signal line 3 and the 
ground conductor 1 and another distance between the. signal line 
7 and the ground conductor 1 . 
[0081] 

As explained above, if the distances between the signal 
line 3 and the ground conductor 1 and the signal line 7 and the 
ground conductor 1 aremade short, similar to the fourth embodiment, 
then widths of both the signal lines 3 and 7 can be narrowed, 
and a difference between these line widths of the signal lines 
3 and 7 and the line width of the signal line 4 can be reduced. 
[0082] 

Therefore, in this fifth embodiment case, the line width 
can be changed in a step manner by the signal line 7, and furthermore, 
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the difference between these line widths can be reduced. As a 
consequence, in this fifth embodiment case, while a deviation 
of impedances in a connection portion is furthermore suppressed, 
the signal reflections occurred in this connection portion can 
5 be lowered, as compared with that of the third embodiment. 
[0083] 

In this fifth embodiment, since the distance between the 
signal line 3 of the microstrip line and the ground conductor 
- of the intermediate signal line 7 can be shortened by the conductors 

10 9 and 10 which are connected to the ground conductor 1 by employing 
the via hole conductor 13, the difference of the line widths among 
the respective lines can be shortened. While the deviation of 
the impedances in the connection portion is furthermore suppressed, 
the signal reflections occurred in this connection portion can 

15 be reduced. 
[0084] 

Also, in this fifth embodiment case, impedance adjusting 
parameters in the connection portion can be selected to be two 
sorts of such parameters, namely the widths of the signal lines 
20 and the distances between the signal lines and the ground conductors . 
As a result, a degree of design freedom can be further improved. 
[0085] 

It should be understood of that the width of the signal 
line 3 of the microstrip line in the area "A" is changed with 
25 respect to the width of another portion thereof in the 

above-explained fifth embodiment. Alternatively, in addition 
to such an adjustment that the width of the signal line 4 of the 
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triplate line in the area "B" is changed with respect to the width 
of another portion thereof, the distance between the signal line 
3 of the microstrip line and the ground conductor of the 
intermediate signal line 7 may be alternatively shortened so as 
to adjust the impedances in the connection portion. Thus, a 
similar effect may be achieved. 
[0086] 

(OTHER EMBODIMENTS) 

In. the above-described embodiments, such a. case has. been, 
explained in which the microstrip line having the signal line 
3 on the upper plane of the dielectric substrate 2 has been connected 
to the triplate line having the signal line 4 inside the dielectric 
substrate 2. As indicated in Fig. 9, even when the present 
invention is applied to such a case that triplate lines are 
connected to each other in which signal lines 4A and 4B are arranged 
indifferent layers, a similar effect to that of the above-explained 
case may be achieved. In this alternative case, if either one 
or both line widths of the signal lines 4A and 4B are adjusted 
so as to decrease a difference between the line widths, then a 
deviation of impedances in a connection portion may be suppressed, 
and thus, signal reflections occurred in the connection can be 
reduced . 
[0087] 

Also, the present invention is not limited to this case, 
but may be applied to another structure. That is, in addition 
to the structure shown in Fig. 9, as shown in Fig. 3, a signal 
line 7 may be inserted between the signal lines 4A and 4B, and 



37 



then, the signal line 4A may be connected to the signal line 4B 
through this signal line 7. When the line width of the signal 
line 7 is adjusted in such a structure, the width of the signal 
line may be alternatively changed in a step manner, so that signal 
reflections occurred in a connection portion may be furthermore 
reduced. 
[0088] 

Also, the present invention is not limited to this case, 
but may be applied to. another .structure . That is, ..in such. a case, 
that both the signal line 4A and the signal line 4B own different 
line widths from each other, when both the signal lines 4A and 
4B are located in the same layer, a width of an edge portion, of 
either one or both the signal lines may be changed from a width 
of another portion thereof so as to be adjusted, and then, the 
signal line.4A may be directly connected to the signal line 4B 
without through a via hole conductor. In this alternative, case, 
at least, it is possible to avoid that the widths of the signal 
lines are changed in short order. As a result, signal reflections 
occurred in a connection portion may be reduced, as compared with 
that of such a case that the edge portions are simply connected 
to each other. 
[0089] 

Furthermore, as shown in Fig . 10, in addition to the structure 
represented in Fig. 9, a conductor 9 is provided under the signal 
line 4A, and this conductor 9 is connected to the ground conductor 
1 through a via hole conductor 13. As a result, similar to the 
above-described fourth embodiment, even when the distance between 
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the signal line 4A and the ground conductor 1 is shortened and 
the width of the signal line 4A is adjusted, a similar effect 
to that of the above-explained case may be achieved. 
[0090] 

Also, the present invention is not limited to this embodiment, 
but even when the present invention is applied to another case 
shown in Fig. 11, a similar effect to that of the above-described 
case may be achieved. That is, in Fig. 11, such a microstrip 
line which owns a signal, line 3A on an upper plane -(upper layer) . 
of a dielectric substrate 2 and a ground conductor 1 in an inner 
portion (inner layer) of the dielectric substrate 2 is connected 
to another microstrip line which owns a signal line 3B on a lower 
plane (lower layer) of the dielectric substrate 2 and a ground 
conductor 1 in an inner portion of the dielectric substrate 2. 
In this case, as explained in the above-described first embodiment, 
the line width of the signal line 3A and a width of another portion 
thereof may be changed in a step manner so as to be approximated 
to the signal line 3B in an area "A." Alternatively, instead 
of the signal line 3A, the line width of the signal line 3B may 
be changed in the area "A." Also, both the line width of the 
signal line 3A and the line width of the signal line 3B may be 
alternatively changed. 
[0091] 

Moreover, the present invention is not limited only to this 
example, as shown in Fig. 12, in addition to the structure indicated 
in Fig. 11, similar to the above-explained third embodiment, a 
signal line 7 may be inserted into a layer between a signal line 
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3A and a signal line 3B, and the signal line 3Amay be alternatively 
connected to the signal line 3B by employing this signal line 
7. In this alternative case, a line width of the signal line 
7 may have such a line relationship of the signal line 3A > the 
signal line 7 > the signal line 3B. Otherwise, this line width 
of the signal line 7 may have such a line relationship of the 
signal line 3A = signal line 7 > the signal line 3B, or the signal 
line 3A > the signal line 7 = the signal line 3B . Alternatively, 
a line width of ..an edge- portion of the signal line 3a..and/.or...the. 
signal line 3B may be adjusted. As previously explained, if the 
signal line 7 is inserted and the signal widths as to the signal 
lines 3A, 3A, 7 are adjusted, a similar effect to that of the 
above-described case may be achieved. 
[0092] 

Moreover, the present invention is not limited only to this 
example, as shown in Fig . 13, in addition to the structure indicated 
in Fig. 12, while a signal line 7 is constructed of three stages, 
i.e., a plurality of signal lines 7A, 7B, 7C, if line widths of 
these signal lines 7A, 7B, 7C are adjusted, then deviations of 
impedances of connection portions can be furthermore reduced, 
and thus, such a high frequency transmission line having a low 
signal reflection can be realized. Moreover, in addition to this 
structure, while conductors 9A, 10A, 9B, 10B may be additionally 
employed, these conductors 9A, 10, 9B, and 10B may be alternatively 
connected to the ground conductor 1 through a via hole conductor 
13 . As a result, similar to the above-described fifth embodiment, 
even when the distance of the ground conductor 1 with respect 
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to the signal lines 7A, 7B, 7C is made short, a similar effect 

to that of the above-described case may be achieved. 

[0093] 

Also, in the above-described embodiments, the description 
has been made of such a case that microstrip lines and triplate 
lines have been employed as transmission lines. The present 
invention is not limited only to this case, but may be realized 
by such a case that, for example, a coplanar line having both 
a signal line and.a ground conductor on a upper plane of a dielectric, 
substrate is employed, so that a similar effect may be achieved. 
[0094] 

It should also be understood that the present invention 
is not restricted only to the above-explained embodiments, but 
may be realized by various embodiment modes as to concrete 
structures, functions, operations, and effects without departing 
from the gist of the/present invention. For instance, although 
a via hole conductor has been employed so as to connect a microstrip 
line to a triplate line in the above-described embodiment, a through 
hole conductor may be alternatively employed. 
[0095] 

As previously described in detailed, in accordance with 
the present invention, since a width of an edge portion of a signal 
line of a first high frequency transmission line is changed with 
respect to a width of another portion thereof, a deviation of 
impedances in a connection portion of the first. and second high 
frequency transmission lines can be suppressed, so that signal 
reflections occurred in the connection portion can be reduced 
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and a signal passing characteristic can be improved. 

Also, since a width of an edge portion of a signal line 
of the second high frequency transmission line is also changed 
with respect to a width of another portion thereof, a deviation 
of impedances in the connection portion of the first and second 
high frequency transmission lines can be further suppressed, so 
that signal reflections occurred in the connection portion can 
be reduced and a signal passing characteristic can be improved. 

Further, ... since a third signal line is provided between a 
first signal line of the first high frequency transmission line 
and a second signal line of the second high frequency transmission 
line, a distance among the signal lines can be- made short, a 
deviation of impedances in connection portions can be reduced. 
As a result, signal reflections occurred in the connection portions 
can be reduced, and the signal passing characteristic can be 
furthermore improved. 

Also, since the third signal line is formed by at least 
one, or more lines which have been fabricated in a hierarchical 
manner, and a line width is changed in a step manner, deviations 
of impedances in connection portions can be furthermore decreased . 

Further, since a conductor capable of shortening a distance 
to a ground conductor is employed, deviations of impedances in 
connection portions can furthermore reduced, so that signal 
reflections occurred in the connection portions can be reduced 
and the signal passing characteristic can be moreover improved. 



42 



